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© Acoustic ink printer. 

@ Polychromatic acoustic ink printers are disclosed, includ- 
ing several embodiments which utilize a single printhead (62) 
for ejecting droplets of ink on command from a transport (33) 
which carries the different-colored inks past the printhead in 
timed synchronism with the printing of the corresponding color 
separations. If desired, a diluent also may be provided to permit 
the printing of an intensity mask. 

A variety of transports is described, including single-ply solid 
or perforated films, as well as laminated multiple-ply films 
composed of a solid or perforated lower layer, a perforated or 
mesh upper layer, and, in some embodiments, one or more 
perforated intermediate layers. Furthermore, it is disclosed that 
a perforated transport may be overcoated with a patterned 
metallization so that an electric field can be generated to assist 
in controlling the droplet ejection process. Some of the 
transports are designed to carry the inks in a liquid state. 
However, others are suitable for carrying the inks in a solid 
state, so provision may be made for liquefying the inks, such as 
by heating them, as they approach the printhead or printheads. 
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Description 



This invention relates to acoustic ink printing and, 
more particularly, to polychromatic acoustic ink 
printing. 5 

Acoustic ink printing is a promising direct marking 
technology because it does not require nozzles or 
small ejection orifices which have been a major 
cause of the reliability and pixel placement accuracy 
problems that conventional drop-on-demand and 10 
continuous-stream ink jet printers have experi- 
enced. 

Acoustic ink printers having printheads compris- 
ing acoustically-illuminated spherical focusing len- 
ses can print precisely-positioned picture elements 15 
("pixels") at resolutions which are sufficient for 
high-quality printing of relatively complex images. It 
also has been found that such a printer can be 
controlled to print individual pixels of different sizes 
so as to impart, for example, a controlled shading to 20 
the printed image. 

Although acoustic lens-type droplet ejectors are 
favored for acoustic ink printing at present there are 
other types of droplet ejectors which may be utilized, 
including (1) piezoelectric shell transducers, such as 25 
described in US-A-4,308,547, and (2) interdigitated 
transducers (IDT's). Additionally, acoustic ink print- 
ing technology is compatible with various printhead 
configurations, including (1) single ejector embodi- 
ments for raster scan printing, (2) matrix configured 30 
arrays for matrix printing, and (3) several different 
types of pagewidth arrays, ranging from (i) single- 
row, sparse arrays for hybrid forms of parallel/serial 
printing, to (ii) multiple-row, staggered arrays with 
individual ejectors for each of the pixel positions or 35 
addresses within a pagewidth address field (i.e., 
single ejector/pixel/iine) for ordinary line printing. 

To carry out acoustic ink printing with any of the 
aforementioned droplet ejectors, each of the ejec- 
tors launches a converging acoustic beam into a 40 
pool of ink, such that the beam converges to focus 
at or near the free surface (i.e., the liquid/air 
interface) of the pool. The radiation pressure this 
beam exerts against the free surface of the ink is 
modulated, such that it makes brief controlled 45 
excursions to a sufficiently high pressure level to 
overcome the restraining force of surface tension. 
As a result, individual droplets of ink are ejected 
from the free ink surface on command, with 
sufficient speed to deposit the droplets on a nearby 50 
record medium. 

As will be appreciated, polychromatic (or "color") 
acoustic printing introduces a new set of challenges. 
It is performed by printing a plurality of monochro- 
matic color separations of an image (cyan, magenta 55 
and yellow are the "primary colors" for subtractive 
colors) in substantial registration with each other. 
Furthermore, it often is desirable to have the 
capacity to print a black separation, so the composi- 
tion of a polychromatic image typically involves the 60 
printing of up to four different color separations in 
superimposed registration (with 'black' being re- 
garded as being a color). These color separations 



can be printed by separate printheads, but a 
significant cost savings may be realized if provision 
is made for printing them with a single printhead. 
Additionally, a diluent may be used in some cases to 
provide an additional means for shading the images. 

in accordance with the present invention, a 
polychromatic acoustic ink printer as claimed in the 
appended claims is provided. The preferred embodi- 
ments of the invention utilize a single printhead for 
ejecting droplets of ink on command from a 
transport which carries the different-colored inks 
past the printhead in timed synchronism with the 
printing of the corresponding color separations. The 
transport may take a variety of forms, including 
single-ply solid or perforated films, as well as 
laminated multiple-ply films composed of a solid or 
perforated lower layer, a perforated or mesh upper 
layer, and, in some embodiments, one or more 
perforated intermediate layers. Spatially distinct, 
narrow stripes of different colored ink films may be 
applied to solid or mesh-type transport films, and 
these inks may be transported in either a liquid state 
or in a solid state. If the inks are transported in a 
solid state, they are liquefied, such as by heating 
them, as they approach the printhead. Alternatively, 
if a perforated transport medium is employed, the ink 
may be applied in a liquid state to be entrained in the 
perforations. Moreover, a perforated transport me- 
dium may be overcoated with a patterned metalliza- 
tion so that an electric field can be generated to 
assist in controlling the droplet ejection process. If 
desired, a diluent also may be provided to permit the 
printing of an intensity mask. 

Still other features and advantages of this inven- 
tion will become apparent when the following 
detailed description is read in conjunction with the 
attached drawings, in which: 

Fig. 1 schematically illustrates a multi-head 
color acoustic ink printer of the present inven- 
tion; 

Fig. 2 schematically illustrates a single-head 
color acoustic ink printer of the invention ; 

Fig. 3 is a fragmentary plan view of a single ply 
ink transport for the printers shown in Figs. 1 
and 2; 

Fig. 4 is a schematic end view of an acoustic 
printhead having an embedded heating element 
for pre-melting solid inks carried by a single ply 
transport, such as shown in Fig. 3; 

Fig. 5 is a fragmentary elevational view of a 
resistively heated ink transport for supplying 
pre-melted inks for coior acoustic printing ; 

Fig. 6 is a schematic end view of an acoustic 
printhead having embedded electrical wiper 
contacts for passing an electrical current 
through a resistively heated ink transport, such 
as shown in Fig. 5, on demand; 

Fig. 7 is a fragmentary plan view of a 
perforated single-ply ink transport for the 
printers shown in Figs. 1 and 2; 

Fig. 8 is fragmentary elevational view of a 
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dual-layer ink transport for the printers shown in 
Figs, land 2; 

Fig. 9 is a fragmentary eievational view of an 
aiternative dual-layer ink transport; 

Fig. 10 is a simplified, fragmentary sectional 
view of a color acoustic ink printhead having 
pressurized fountains for inking perforated ink 
transports, such as shown in Figs. 7-9; 

Fig. 11 is a simplified end view of a single 
head coior acoustic ink printer having an 
externally inked multiple ply ink transport 
comprising separate layers for transporting inks 
of different colors and a diluent; and 

Fig. 12 is a fragmentary plan view of a 
perforated ink transport having a conductive 
overcoating which is patterned to define individ- 
ually addressable electrodes for selectively 
subjecting individual cells of the transport to the 
stimulation of an electric field so as to provide 
increased discrimination between the ceils from 
which droplets of ink are and are not to be 
ejected. 

Turning now to the drawings, and at this point 
especially to Fig. 1, there is shown a polychromatic 
acoustic ink printer 21 having a plurality of essentially 
identical printheads 22a - 22e for sequentially print- 
ing different monochromatic color separations of a 
polychromatic image, together with an optional 
intensity mask, in superimposed registration on a 
suitable record medium 23. To that end, the record 
medium 23 is longitudinally advanced during oper- 
ation in a cross-line direction with respect to the 
printheads 22a -22e, as indicated by the arrow 24. 
The printheads 22a - 22e, in turn, are spaced apart 
longitudinally of the record medium 23 and are 
aligned with each other laterally thereof, so they 
sequentially address essentially the same pixel 
positions or addresses on the record medium 23. 

Typically, yellow, cyan and magenta color separ- 
ations are printed because they subtractively com- 
bine to define the various hues of a polychromatic 
image. The superimposition of these monochro- 
matic separations occurs sequentially, preferably 
with a sufficient intervening time delay to ensure that 
each coior substantially dries before the next one is 
superimposed upon it, thereby inhibiting unwanted 
mixing of the inks. Although three printheads 
22a - 22c are adequate for polychromatic printing, a 
fourth 22d advantageously is provided for printing a 
black separation, and a fifth 22e may be employed 
for controllably overwriting the image with an 
appropriate diluent to vary the intensities of its hues. 
In effect, the use of the optional diluent permits the 
printing of the aforementioned intensity mask. 

As previously pointed out, the printheads 
22a - 22e may be configured in many different ways 
and may embody any one of several different types 
of acoustic droplet ejectors. With that it mind, it has 
been assumed for illustrative purposes that the 
printheads 22a -22e comprise full (i.e., single ejec- 
tor/pixel/line) pagewidth arrays of droplet ejectors 
26a 0 - 26a n , 26b 0 - 26b n ,26c 0 - 26c n ,26d 0 - 26d n , and 
26eo - 26e n , respectively (only the near end ejectors 
26a 0 -26e 0 can be seen). Nevertheless, it will be 
appreciated that other printhead configurations 



could be employed, including some that would 
require an appropriately synchronized relative scan 
motion (not shown) between the printheads 
22a - 22e and the record medium 23 along an axis 
5 orthogonal to the arrow 24. Furthermore, while 
single row ejector arrays are shown for convenience, 
it will be understood that it may be desirable in 
practice to employ multiple-row staggered arrays for 
the purpose of increasing the center-to-center 

10 spacing of the ejectors. Moreover, even though the 
ejectors 26a 0 - 26a n ,... 26e 0 - 26e n are depicted as 
comprising spherical acoustic focusing lenses 
27ao-27a n ,... 27eo-27e n (again, only the near-end 
lenses 27ao - 27eo can be seen) which are illumi- 

15 nated by acoustic waves emanating from piezoelec- 
tric transducers 28a -28e under the control of 
suitable controllers 29a - 29e, respectively, it will be 
evident that other types of droplet ejectors may be 
employed. The printhead configuration employed 

20 may influence or even dictate the choice of droplet 
ejectors, but those details are beyond the scope of 
the present invention. 

Furthermore, from a system standpoint, it will be 
apparent that the controllers 29a - 29e may perform 

25 the dual function of (1) controlling the droplet 
ejection timing of the individual ejectors 
26a 0 - 26a n ,26b 0 - 26b n ,26c 0 - 26c n> 26d 0 - 26d n , and 
26eo - 26e n within the printheads 22a - 22e, respec- 
tively, and of (2) modulating the size of the individual 

30 pixels printed by those ejectors. Indeed, pixel size 
control, whether affected by modulating the size of 
the droplets that are ejected and/or by varying the 
number of droplets that are deposited per pixel, is 
highly desirable for polychromatic printing because 

35 it provides increased control over the color compo- 
sition of the image. 

A wide range of techniques may be employed for 
supplying the different colored inks and the optional 
diluent (collectively referred to herein as a "marking 

40 solution" 31) which the printer 21 utilizes to print 
polychromatic images. The cyan ("C"), magenta 
("M"), yellow (Y"), black ("B") and diluent ("D") 
components of the marking solution 31 are separ- 
ated from each other, so that each of the printheads 

45 22a - 22e prints a different one of them on the record 
medium 13. More particularly, as shown in Fig. 1, the 
ejectors 26a 0 - 26a n , 26b 0 - 26b n , 26c 0 - 26c n , 
26d 0 -26d n , and 26e 0 -26e n of the printheads 
22a - 22e are acoustically coupled to the cyan ink C, 

50 the magenta ink M, the yellow ink Y, the black ink B, 
and the diluent D, respectively. As in other acoustic 
ink printers, each of the ejectors 26ao - 26a n , 
26b 0 - 26b n , 26c 0 - 26c n , 26d 0 - 26d n , and 26e 0 - 26e n 
launches a converging acoustic beam into the 

55 marking solution 31 during operation, and each of 
those beams converges to focus approximately at 
the free surface 32 (i.e., the liquid/air interface) of 
the marking solution 31 . In this particular embodi- 
ment, however, the printheads 22a - 22e are dedi- 

60 cated to the cyan ("C"), magenta ("M"), yellow ("Y"), 
black ("B") and diluent ("D") components, respec- 
tively, of the marking solution 31 . For that reason, the 
controllers 29a - 29e for the printheads 22a - 22e are 
driven by data (supplied by means not shown) 

65 representing the cyan, magenta, yellow and black 



5 



0 294172 



6 



color separations and the intensity masks, respec- 
tively, for the polychromatic images which are to be 
printed. That, in turn, causes the controllers 
29a - 29e to modulate the radiation pressures which 
the acoustic beams from the ejectors of the 
printheads 22a - 22e, respectively, exert against the 
free surface 32 of the marking solution 31, whereby 
droplets of the different colored inks and of the 
diluent are ejected from the free surface 32 to print 
the color separations and the intensity mask for 
each of the images in superimposed registration on 
the record medium 13. 

Advantageously, means are provided for stabiliz- 
ing the level of the free surface 32 of the marking 
solution 31 , because any significant variation in its 
level tends to affect significantly the radiation 
pressures which the acoustic beams exert against it. 
While a liquid level control system could be em- 
ployed for that purpose, a useful alternative is to 
provide a suitable transport mechanism 33 for 
routinely replacing the depleted marking solution 31 
with a fresh supply, such that the level of its free 
surface 32 is kept constant. 

For example, as shown in Figs. 1 and 3 f the 
transport mechanism 33 comprises a web-like 
carrier 35, which suitably is composed of a solid, thin 
(e.g. 25 urn thick) flexible polymer film, such as 
'Mylar', polypropylene, or a similar polyimide. Alter- 
natively, the carrier 35 may be fabricated from a 
flexible metallic film, such as a nickel film, to name 
one example. The carrier 35 laterally extends across 
the full pagewidth of the printer 21, and provision 
(not shown) is made for longitudinally stepping it 
during operation in the direction of the arrow 37. For 
stabilizing the level of the free surface 32 of the 
marking solution 31, substantially uniformly thick, 
pagewidth wide, thin (e.g. 25 \im thick) films of cyan 
ink C, magenta ink M, yellow ink Y, black ink B and 
diluent D are applied to the upper surface of the 
carrier 35 in repetitive longitudinally-ordered serial 
sequence. The center-to-center longitudinal dis- 
placement of the narrow stripes of the different 
colored inks and the diluent within each repetition of 
this coating pattern is selected to match the 
longitudinal spacing of the printheads 22a - 22e. In 
operation, therefore, the carrier 35 is incrementally 
advanced at the line printing rate to move one after 
another of the repeats of the C, M, Y, B, and D 
coating pattern into alignment with the printheads 
22a - 22e for printing successive lines of the color 
separations and the intensity mask. As will be 
appreciated, the cyan, magenta, yellow, and black 
color separations and the intensity mask for each 
line of a polychromatic image are sequentially 
printed in superimposed registration on the record 
medium 13 as it moves across the printheads 22a 
-22e, respectively, so the printing of a single line of 
such an image may involve up to five repetitions of 
the C, M, Y, B and D coating pattern, if desired, the 
carrier 35 may be coated with a material (not shown) 
selected to control the manner in which the inks and 
diluent wet it. Suitable anti-wetting agents and 
wetting agents are readily available and may be 
employed as desired to enhance the performance of 
the carrier 35 and/or of any of the other ink 



transports described hereinafter. 

Various techniques may be employed for repeti- 
tively applying the cyan (C)> magenta (M), yellow (Y), 
and black (B) inks and the diluent (D) to the carrier 

5 35. For instance, as shown in Fig. 1, these coatings 
may be applied by eccentric applicator rolls 41 - 45 
which are rotated in appropriately phased relation- 
ship (by means not shown) at a predetermined rate 
for transferring the different colored inks and the 

10 diluent from separate reservoirs 46-50, respectively, 
to the upper surface of the carrier 35. The eccen- 
tricity of the applicator rolls 41 -45 and their phasing 
cause them to coat longitudinally distinct sections of 
the carrier 35 in repetitive serial ordered sequence, 

15 and the rate at which the rolls 41 - 45 are rotated is 
selected so that the center-to-center displacement 
of the C, M, Y, B and D coatings within each 
repetition of the coating pattern substantially mat- 
ches the longitudinal separation of the printheads 

20 22a - 22e. In practice, of course, doctor blades or 
the like (not shown) may be employed to ensure that 
the C, M, Y, B, and D coatings deposited on the 
carrier 35 are of generally uniform thickness. 
Moreover, it will be understood that the carrier 35 

25 may be collected for disposal (by means not shown) 
after it passes beyond the printheads 22a - 22e, or it 
may be cleaned and recirculated (also not shown) 
for subsequent re-use. Ink transports are of even 
greater significance to the more detailed features of 

30 this invention because they facilitate the design of 
single printhead polychromatic acoustic ink printers. 
Acoustic beams propagate through thin polymer 
films, such as the carrier 35, without suffering 
excessive attenuation, but the interface between the 

35 printhead or printheads and the carrier 35 preferably 
is designed to ensure that efficient acoustic coup- 
ling is achieved. For that reason, as illustrated in 
Fig. 1 , the printheads 22a - 22e may be overcoated 
as at 52a - 52e, respectively, with a plastics having a 

40 relatively-low acoustic speed. The lower surface of 
the carrier 35 bears against the relatively smooth 
outer surfaces of the printhead overcoatings 
52a - 52e. Moreover, a thin film of water or the like 
advantageously is applied to the lower surface of the 

45 carrier 35, such as by an applicator roll 53 which 
rotates in a water trough 54, so that acoustic energy 
is efficiently transferred from the printheads 
22a - 22e to the marking solution 31 via the carrier 
35, even if there are minor mechanical irregularities 

50 at the printhead/carrier interface. 

Fig. 2 illustrates a single-printhead polychromatic 
printer 61 which closely corresponds to the multi- 
printhead printer 21 of Fig. 1. Like reference 
characters have been used to identify like parts in 

55 the interest of highlighting the structural and 
functional similarities that exist. As will be seen, the 
primary structural distinction is that the printer 61 
has just one printhead 62, comprising one or more 
droplet ejectors 62o -62 n , (once again, only the 
60 near-end ejector 62o can be seen) for printing 
polychromatic images on the record medium 13 
under the control of a controller 63. Narrow laterally 
extending stripes of the different colored inks and of 
the diluent (see Fig. 3) are coated on the upper 
65 surface of the carrier 35 in repetitive serially ordered 
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longitudinal sequence as previously described. In 
this embodiment, however, the carrier 35 is longi- 
tudinally stepped to move the stripes of ink and 
diluent sequentially into alignment with the printhead 
62. The record medium 13, on the other hand, 
remains in a fixed position with respect to the 
printhead 62 while the cyan, magenta, yellow and 
black color separations and the intensity mask for 
each line of the image are being sequentially printed 
on it, and it then is incrementally advanced longitudi- 
nally a predetermined line pitch distance with 
respect to the printhead 62, thereby positioning it for 
the printing of the next iine of the image. As will be 
seen, another feature of the printer 61 is that the low 
acoustic speed overcoating 64 for its printhead 62 
has an arcuate crowned profile, so that the carrier 35 
wraps over it to enhance its acoustic coupling to the 
printhead 62. 

Ink transports have the additional advantage of 
facilitating the use of hot melt inks for polychromatic 
acoustic ink printing. Turning to Fig. 4 for an example 
in point, it will be seen that a heating element 65 may 
be installed along the path of the carrier 35, just 
ahead of the printhead 62, to enable a printer of the 
type depicted in Fig. 2 to utilize hot melt inks. More 
particularly, for polychromatic printing, substantially 
uniformly-thin films of cyan C, magenta M, yellow Y 
and black B hot melt ink are deposited (by means 
not shown) in repetitive serially ordered longitudinal 
sequence on the upper surface of the carrier film 35. 
These inks are transported in a solid state until they 
near the printhead 62, where they are liquefied by 
heat supplied by the heating element 65. The inks 
then remain in a liquid state while the carrier 35 
moves one after another of them into alignment with 
the printhead 62 for the sequential printing of the 
superimposed color separations of a polychromatic 
image, as previously described. However, the grad- 
ual cooling that occurs causes the inks to re-solidify 
after they have been moved beyond the printhead 
62, with the result that the used portion of the carrier 
35 then may be handled with less risk of being soiled 
by it. As illustrated, the plastics overcoating 63 for 
the printhead 62 supports the heating element 65, 
whereby the inks are heated from beneath by 
thermal energy transferred to them through the 
carrier 35. Alternatively, of course, the hot melt inks 
could be liquefied by heat supplied by a heater 
located either above the carrier 35 or at an oblique 
angle with respect to it (not shown). 

Localized electrical resistive heating of the ink 
transport may also be employed for liquefying hot 
melt inks. To that end, as shown in Figs 5A and 5B, 
repetitive serially ordered patterns of cyan C, 
magenta M, yellow Y and black B hot melt ink are 
deposited on the upper surface of a carrier film 71, 
substantially as previously described. In these 
embodiments, however, the lower surface of the 
carrier 71 is coated with a resistive metallization 72. 
Furthermore, there are a pair of longitudinally-separ- 
ated electrical wiper contacts 73 and 74 which are 
located just slightly ahead of the printhead 62 
(Fig.5A), or a similar pair of contacts 75 and 76 which 
are located on opposite sides of the printhead 62 
(Fig. 5B), to pass a current through the segment of 



the metallization 72 which is between them at any 
given time, whereby the metailization 72 is resistively 
heated to liquefy the hot meit inks just before they 
reach the printhead 62. 
5 Still another option is to employ perforated ink 
transports for delivering the different colored inks 
and the optional diluent that are employed by single- 
or multiple-printhead polychromatic acoustic ink 
printers. As shown in Figs. 6 and 7, a basic 

10 perforated ink transport 77 comprises a web 78 
having a longitudinally repeated pagewidth pattern 
of apertures 78a 0 -78a n , 78b 0 -78b n ,... passing 
through it. Typically, the web 78 is composed of a 
flexible polymer film, which is surface coated with an 

15 ink repellent (e.g. a hydrophobic coating for water- 
based inks, or an oleophobic coating for oil-based 
inks). During operation, the web 78 is longitudinally 
incremented in the direction of the arrow 37, 
essentially as described with reference to the 

20 transports of Figs. 2 and 4. In this instance, however, 
the different colored inks and the optional diluent are 
entrained in the apertures 78a 0 - 78a n , 78b 0 - 78b n , ... 
of the web 78 for sequential delivery to the printhead 
62. 

25 To deliver the ink and the optional diluent, the 
apertures 78ao-78an s 78bo -78b n ,... are arranged 
widthwise of the web 78 in pagewidth rows on 
centers selected to align each of them laterally with a 
predetermined pixel position (or, in other words, 

30 with a predetermined one of the droplet ejectors 
62a -62n when, as here, a full pagewidth array of 
droplet ejectors is employed). Adjacent rows of 
apertures 78a 0 - 78a n , 78b 0 -78b n ,... are displaced a 
fixed distance from each other lengthwise of the web 

35 78. Moreover, the apertures within adjacent rows are 
either laterally aligned or laterally staggered with 
respect to each other, depending on whether one or 
more than one, respectively, row of apertures is 
needed to form a complete "pagewidth pattern of 

40 apertures". As used herein, a "pagewidth pattern of 
apertures" means a set of apertures, distributed 
over one or a plurality of adjacent rows, having a 
one-for-one lateral correspondence with the pixel 
positions or addresses of a full pagewidth address 

45 field. Preferably, the aperture diameters are large 
relative to the waist diameter of the focused acoustic 
beams from the droplet ejectors 62ao - 62a n , thereby 
ensuring that the sizes of the ejected droplets are 
essentially independent of the aperture diameters. 

50 Therefore, in practice, each "pagewidth pattern of 
apertures, " as that term is used herein, is likely to 
comprise a plurality of adjacent rows of laterally- 
staggered apertures. 
The colored inks and the optional diluent are 

55 loaded into the apertures 78ao - 78a n , 78bo - 78b n , ... 
of successive pagewidth aperture patterns in repeti- 
tive serially ordered longitudinal sequence. As 
shown in Fig. 7 appropriately phased, opposed 
eccentric applicator rolls 81a -81b, 82a -82b, 

60 83a - 83b, 84a - 84b and 85a - 85b may be employed 
for loading the inks and the diluent into the apertures 
78a 0 -78a ni 78b 0 -78b n , ... from the top and the 
bottom. Alternatively, individual applicator rolls may 
be utilized to load the apertures from the bottom 

65 only. Fig. 8 illustrates still configuration in which the 
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web 78 rides over fountains 86 - 90 while en route to 
the printhead 62, and the fountains 86-90 are 
operated in appropriately phased relationship (by 
means not shown) to fill the apertures 78ao - 78a n , 
78bo - 78b n , ... from the bottom. 

Referring to Fig. 9, the web 78 of a bottom-loaded 
perforated ink transport may be overcoated with a 
mesh screen 91 to inhibit particulate contaminants 
from falling Into the Ink entrained in its apertures 
78ao-78a n , 78bo-78b n , ... Similarly, as shown in 
Fig. 10, the apertured web 78 may be laminated on a 
solid substrate film 92 which, in turn, may be 
employed in conjunction with a suitable heater (not 
shown) to accommodate hot melt inks, as discussed 
hereinabove. 

Various extensions and modifications of the 
above-described ink transports will suggest them- 
selves. For example, as shown in Fig. 11, there is 
multiple ply transport 101 comprising separate 
perforated films 102-105 for carrying the different 
colored inks that are employed for printing the color 
separations of polychromatic images (another ply 
could be provided to carry the diluent if desired). 
These films 102-105 may be spread apart while ink 
and/or diluent are being loaded, as at 106-109, 
respectively, into their apertures, and they then are 
brought together, such as by passing them between 
two pairs of pinch roils 111, 112 and 113, 114 which 
are located on opposite sides of the printhead 62, to 
form a multiple-ply laminate for sequentially deliver- 
ing the inks and the diluent (if used) to the printhead 
62. The loading of the films 102-105 causes the inks 
and optional diluent to be delivered to the printhead 
62 in ordered serial sequence, substantially as 
previously described, and matching pagewidth aper- 
ture patterns may be formed in all of the films 
102 - 105. The films 102-105 may have longitudinally 
staggered repetitive pagewidth aperture patterns 
plus apertures matching the aperture pattern of 
each underlying film. When these multi-ply trans- 
ports are employed in single printhead printers, the 
volume of the marking solution that is loaded into the 
apertures of the different plys is adjusted so that the 
free surface of the marking solution is essentially 
level for all of the components of the marking 
solution at the time that they are delivered to the 
printhead 62, even though each of the marking 
solution components is initially loaded onto a 
different one of the plies or films 102- 105. 

Another perforated ink transport 121 is shown in 
Fig. 12. This is a single ply embodiment having 
longitudinally extending, individually addressable 
electrodes 122o - 122 n + r , which are deposited on 
the web 78, such as by photolithography, laterally 
adjacent the apertures 78ao-78a n , 78bo-78b n , — 
Thus, each of the apertures 78ao - 78a n , 78bo-78b n , 
... is laterally straddled by two neighboring elec- 
trodes, whereby the ink or diluent entrained in a 
given aperture may be excited to an incipient, 
subthreshold energy level for droplet ejection by 
creating an electric field between its two neighbor- 
ing electrodes and a counter-electrode (not shown). 
This enhances the on/off switching characteristics 
of the acoustic printhead or printheads. 



Claims 



1. An acoustic ink printer for printing poly- 
chromatic images on a record medium, the 
comprising: 

10 a marking solution containing a plurality of 

different-colored liquid inks, the marking solu- 
tion having a free surface proximate the record 
medium, with the different-colored inks appear- 
ing on the free surface in a predetermined 

15 order; 

at least one acoustic printhead acoustically 
coupled to the marking solution for radiating the 
free surface with focused acoustic energy, 
whereby radiation pressure is exerted against 

20 the surface, and 

a controller means coupled to the printhead 
means for modulating the radiation pressure 
exerted against the different-colored inks ap- 
pearing on the free surface in accordance with 

25 data representing corresponding color separ- 

ations of a polychromatic image, whereby 
droplets of the different colored inks are 
ejected on command from the free surface to 
print the color separations in superimposed 

30 registration on the record medium. 

2. The printer of Claim 1 , wherein 

the marking solution further contains a 
diluent which appears on the free surface in its 
turn, and 

35 the controller modulates the radiation 

pressure exerted against the diluent appearing 
on the free surface to overwrite the color 
separations printed on the record medium with 
an intensity mask. 

40 3. The printer of Claim 1 or 2, wherein 

there is a plurality of acoustic printheads 
which are acoustically coupled to individual 
ones of the different colored inks at spaced- 
apart locations longitudinally of the record 

45 medium and 

the record medium is longitudinally ad- 
vanced across the printheads, whereby the 
color separations are sequentially printed 
thereon in superimposed registration. 

50 4. The printer of Claim 1 or 2 wherein 

there is a single printhead, and 
the printer includes means for sequentially 
transporting the different colored inks of the 
marking solution into alignment with the print- 

55 head in the predetermined order, for sequential 

printing of the color separations. 

5. The printer of Claim 4, wherein 

the transport means operates line-by-line, 
and 

60 the record medium is advanced a predeter- 

mined line pitch distance with respect to the 
printhead after a line is printed, thereby posi- 
tioning it for the printing of another line. 

6. The printer of Claim 5, wherein 

65 the transport means is an ink transport 



6 



11 0 294 172 12 

which is longitudinally advanced across the 
printhead and 

the inks are carried by the transport in repetitive 
longitudinally-ordered serial sequence, 
whereby successive repeats of the sequence 5 
supply the inks for printing the color separ- 
ations for successive lines of the image. 

7. The printer of Claims 2 and 6, wherein 

the marking solution further includes a 
diluent which is carried by the transport in 10 
sequence with the inks, with the diluent being in 
a trailing position with respect to the inks, 
thereby enabling the printhead to overwrite an 
intensity mask on the color separations for each 
line of the image. 15 

8. The printer of Claim 6 or 7, wherein 

the transport is a thin film web which is 
guided between the printhead and the record 
medium, 

the inks are on a surface of the web in the 20 
repetitive iongitudinally-ordered sequence, with 
the surface facing the record medium, and 

the printhead is acoustically coupled to the 
inks via the web. 

9. The printer of Claim 8, further including 25 
means for applying substantially uniformly- 
thin films of inks to the surface of the web in a 
liquid state and in repetitive longitudinally-or- 
dered sequence. 

10. The printer of Claim 8, wherein 30 

the inks are hot-melt inks, and 

the printer further includes heating means 
proximate the web for liquefying the hot-melt 
inks as they approach the printhead. 
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@ Acoustic ink printer. 

(g) Polychromatic acoustic ink printers are disclosed, includ- 
ing several embodiments which utilize a single printhead (62) 
for ejecting droplets of ink on command from a transport (35) 
which carries the different-colored inks past the printhead (62) 
in timed synchronism with the printing of the corresponding 
color separations (B,Y,M,C). If desired, a diluent (D) also may 
be provided to permit the printing of an intensity mask. 

A variety of transports (35) is described, including single-ply 
solid or perforated films, as well as laminated multiple-ply films 
composed of a solid or perforated lower layer, a perforated or 
mesh upper layer, and, in some embodiments, one or more 
perforated intermediate layers. Furthermore, it is disclosed that 
a perforated transport (35) may be overcoated with a patterned 
metallization so that an electric field can be generated to assist 
in controlling the droplet ejection process. Some of the 
transports (35) are designed to carry the inks in a liquid state. 
However, others are suitable for carrying the inks in a solid 
state, so provision may be made for liquefying the inks, such as 
by heating them, as they approach the printhead or printheads 
(62). 
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